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Triton  WR-1339,  while  not  bacteriostatic  for  virulent  tubercle  bacilli in 
vitro,  has  the  ability to  suppress  tuberculosis in  experimental animals  (1-3). 
In the  course  of  studies in  this laboratory on  the  effect  of  triton  on  guinea 
pig  tissues  it  was  noted  that  leucocytes exposed  to  the  detergent  either  in 
vitro  or in vi~o  showed  an  increased resistance  to  disruption by acetone  and 
by sonic vibration (4). Since surface-active agents chemically similar to triton 
are known to depress tuberculin sensitivity in guinea pigs (5) it seemed perti- 
nent to determine whether it has any effect on the resistance of leucocytes to 
another form of trauma,  namely in vitro  eytolysis by tuberculin (6). 
Materials  and Methods 
8urJace.-Aeti~e Agent.--Triton WR-1339  x was used throughout these studies.  For injection 
of guinea pigs, a 12.5 per cent solution was prepared in 0.16 ~ sodium chloride and sterilized 
in the autoclave. Treated animals were given triton in a dose of 300 nag.  per kg. of body weight. 
Control animals received an equal volume of saline. Injections were made subcutaneously in 
the groin. 
An/reals and D/eI.--An the guinea pigs used in this study were albino males weighing be- 
tween 300 and 400 gin. They were fed daily with a stock diet of commercial pellets supple- 
mented with fresh cabbage. The ~nlmals were sensitized by a single intramuscular injection of 
1.0 cc.  of sterile paraffin oil containing 5  rag.  of heat-killed human  type tubercle bacilli 
(I-I37Rv). Intradermal skin tests were done with 5 #g. of PPD (Sharp and Dolnne). 
Leucocyte Cytolysis Tests (7).--Heparinized blood samples were taken from adequately 
sensitized guinea pigs by cardiac puncture 48 hours after a tuberculin skin test. Aliquots (0.4 
cc.) of blood were transferred to each of two siliconized serologic tubes. To one tube was added 
0,1 co. of 0.16 u  sodium chloride; to the other was added 0.1 cc. (5/~g.) of PPD dissolved in 
0.16 J~ sodium chloride. The contents of the tubes were well mixed and total leucocyte counts 
were made using an AO Spencer hemacytometer. The tubes were then placed on a 37°C. water 
bath and mechanically shaken at a constant rate for 2 hours, after which a second leucocyte 
count was made. The PPD decrement was calculated as the per cent change in the tuberculin 
tube minus the per cent change in the saline control tube. In certain instances variations of 
this technique had to be employed, details of which will be described later. 
1 Obtained from Winthrop Laboratories, New York. 
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Plasma Triton Detcrminatlon.--A method for estimating the concentration of triton in the 
plasma of treated guinea pigs was devised by one of us and adapted for use in these studies.  To 
0.1 cc. samples of plasma was added 3 cc. of a 4:1 mixture of ettmnol and ethyl ether. The mix- 
tures were thoroughly mixed, placed on a  70°C.  water bath for 15 minutes,  and centrifuged. 
The supernatant fluid was decanted into a dean tube and evaporated to dryness under vacuum 
on a 90°C. water bath. A 5 cc. portion of petroleum ether was added to the dried  residue. It 
was allowed to stand at room temperature for  15 minutes and was then centrifuged. The pe- 
TABLE  I 
Skin Reaclions in Previously  Sensitized  Guinea Pigs CJven a .Single Injection  of Tritoa, 300 
Mg./Kg., 2  Hours before a  Tuberculin  Test 
Controls 
Mean. 
Triton 
Mean. 
Guinea  pig  No. 
7-2 
7-0 
6-1 
5-6 
6.8 
7-4 
6-3 
7-3 
9-9 
5-7 
Induration 
24 hours 
~/gm. 
16  X  17 
15  X  15 
15  X  19 
16  X  18 
16  X  18 
16.5 
17  X  18 
17  X  15 
17  X  19 
18  X  15 
14  X  18 
16.8 
48 hours* 
14  X  15 
12  X  13 
13  X  15 
13  X  15 
14  X  15 
13.9 
12 X  14 
12 X  13 
13 X  13 
10 X  12 
11 X  12 
12.2 
* The difference between the mean diameter of induration for triton-injected and control 
animals was analyzed by the t test (9): t  --  3.10. P  <~ 0.02. 
troleum ether supernate was discarded. To the dried, petroleum ether-insoluble residue was 
added 3 cc. of 0.33 N sulfuric acid and 1.0 cc. of Mayer's reagent (8):-- 
Mayer's reagenl: (a)  1.36 gin. mercuric chloride dissolved in 60 cc.  of distilled water. 
(b) 5 gin. potassium iodide dissolved in 10 cc. of distilled water. Just prior to use, mix solu- 
tion (a) with solution (b) and make up to 100 cc. with distilled water. 
Finally, 5 cc. of 0.33 N sulfuric acid were added, the tubes were shaken well, allowed to stand 
10 minutes, and the optical density was read in a  Fisher electrophotometer at 650 n~. By 
this technique triton, which is soluble in ethanol-ether (1) but insohible in petroleum ether, is 
precipitated from the defatted samples by means of Mayer's reagent. The latter gives a white 
precipitate with alkaloids in acid solution. The test was made quantitative by preparing a 
standard curve with known concentrations of triton varying from 0.2 to 1.4 mg. per cc. 
RESULTS 
The first experiment was  designed  to determine whether the  administra- 
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tivity  to  tuberculin  and/or  effects  the  sensitivity  of  their  leucocytes  to 
cytolysis by tuberculin  in  ~itro. 
Ten  guinea pigs, each of which had received a single injection of heat-killed tubercle bacilli 
in paraffin oil 1 month previously, were divided into two groups. Five experimental animals 
were injected  with triton; and five control animals were injected  with an equal volume  of 
saline. 2 hours later all of the guinea pigs were injected intradermaUy with 5 ~g. of PPD. Skin 
reactions were read and recorded, as millimeters of induration, at the end of 24 and 48 hours. 
Immediately after the 48 hour readings were made, heparinized blood samples were taken by 
cardiac puncture and in vitro cytolysis tests were done by the technique described previously. 
TABLE II 
Results  of Leucocyte Cytolysis Tests in Previously Sensiti~.ed Guinea Pigs Given a Single 
Injection  of Triton, 300 Mg./Kg., 2 Hours before a Tuberculin Skin Test* 
Mean leucocyte  Per cent  Per cent  PPD 
Guinea pig No.  count/c.mm,  change saline  change PPD  decrement 
Controls  7-2 
7-0 
6-1 
5-6 
6-8 
8625 
6450 
14500 
9750 
9450 
--11.1 
--3.8 
--3.3 
+10.5 
--1.5 
-18.2 
-34.4 
-14.3 
-17.5 
-11.9 
-7.1 
-30.6 
-11.0 
-28.0 
-  10.4 
Mean...  -  17.4 
Triton  +2.9 
--5.3 
--5.0 
--7.5 
-3.5 
8700 
930O 
950O 
11425 
5525 
L 
--2.3 
--6.0 
-6.7 
--10.9 
0 
7-4 
6-3 
7-3 
9-9 
5-7 
-5.2 
-0.7 
-1.7 
-3.4 
+3.5 
Mean...  -  1.5 
* Blood collected 48 hours after intradermal  tuberculin  test. 
The  size  of the  skin  reactions  in  these  animals  is  presented  in Table  I  in 
which it will be seen that at 48 hours, but not at 24 hours, there was evidence 
that triton depressed slightly, but significantly (P<0.02),  the skin sensitivity 
to tuberculin.  The results of the cytolysis tests  (Table II) show that the lyric 
effect  of PPD  on leucocytes  of tuberculin-sensitive  guinea pigs is  essentially 
obliterated  by the  administration  of triton  48 hours previously. 
In view of the findings of the preceding study it seemed of interest  to deter- 
mine  whether  the  exposure  of  leucocytes  to  triton  in  vitro  would  likewise 
diminish their sensitivity to lysis by PPD. Before this could be done, however, 
it  was essential  to have  an estimate  of the blood level  of triton  which could 
be expected after a  single injection of the material. 
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after injection, and also 1, 3, 7, and i0 days after injection, the animals were bled by cardiac 
puncture. The concentration of triton in the plasma was measured by the technique described 
previously and the results are shown in Table III. 
Triton could be detected in the plasma as  early as 2  hours after subcuta- 
neous injection. The plasma level reached a  peak in approximately 24 hours 
and then appeared to diminish gradually over a  10 day period. 
Since, on the basis of these results, plasma levels on the order of 1 mg./cc. 
probably prevailed  at  the  time  leucocyte  cytolysis  tests  were  done  in  the 
earlier study, the following in vitro experiment was performed. 
TABLE III 
Plasma Levels of Triton in Guinea Pigs Given  a  Single  Injection in  a  Dosage  of 
300 Mg./Kg. 
Time  after 
injection 
2hrs. 
1 day 
3 days 
7 days 
I0 days 
Plasma triton  concentration,  mg./cc. 
Guinea  pig 
No. 2-0 
0.3 
1.2 
0.9 
0.2 
0.1 
Guinea pig 
No. 1-29 
0.3 
1.4 
1.1 
0.2 
0.1 
Guinea pig 
No. 1-39 
0.3 
1.4 
1.1 
0.2 
0.1 
Guinea  pig 
No. 1-49 
0.3 
1.2 
1.0 
0.2 
0.1 
Mean 
0.3 
1.3 
1.0 
0.2 
0.1 
Four guinea pigs, each of which had received a single injection of heat-killed tubercle bacilli 
in parai~ oil 5 weeks previously, were injected intradermaUy with 5 pg. of PPD. At the end 
of 48 hours, after the skin reactions had been read and recorded (20 ram. induration, average), 
the animals were bled by cardiac puncture. With each of the blood samples, four siliconized 
serologic tubes were prepared as follows: 
Whole blood, c¢ ................  1  0.4 
Triton solution,* cc .............  -- 
0.16 x¢ sodium chloride, cc .....  ..  0.1 
0.4 
0.1 
Tube  No. 
0.4 
0.1 
0.4 
0.1 
* 5 rag. per cc. of 0.16 ~  sodium chloride. 
The tubes were placed ona 37°C. water bath for 1 hour. To tubes Nos. 1 and 2 was then added 
0.1 ce. (5 #g.) of PPD; to tubes Nos. 3 and 4 was added 0.1 cc. of 0.16 ~¢ sodium chloride. 
From this point on the technique was identical with that described in the section on Materials 
and Methods. 
It will be seen from the results presented in Table IV that the PPD decre- 
ment varied from 30.7 to 35.5, with a  mean of 33.0 per cent. The range and R.  A.  PATNODE  AND  P.  C.  HUDGINS  59 
mean for the corresponding tubes containing triton were 9.2 to 18.7 and 13.6 
per  cent  respectively.  It  can  be concluded from  this  experiment  that  at  a 
concentration of 1 rag.  per cc. triton is capable of partially protecting leuco- 
cytes from tuberculin sensitive guinea pigs against lysis by PPD. 
TABLE IV 
E.~er,  t of T6ton on t~ Lysis by PPD of Leucocytes from Tub~,¢ulin-S~nsiffve Guinea Pigs 
Guinea pig 
No. 
9-0 
6-4 
Tube No.*  Per cent change 
--28.0 
--20.7 
--  2.0 
+2.7 
--36.8 
--20.4 
--5.6 
--1.3 
-40.6 
-21.2 
--12.0 
--7.4 
-30.8 
--14.2 
--2.5 
+1.7 
PPD decrements 
--30.7 
--35.5 
--33.2 
--32.5 
PPD-trlton decre- 
ment~ 
--18.7 
--14.8 
--9.2 
--11.7 
* For  details, see  text. 
PPD  decrement  =  tube  1  --  tube 4. 
PPD-tritou decrement =  tube 2  -  tube 3. 
DISCUSSION 
The experimental results reported here provide evidence that  the exposure 
of  leucocytes from  tuberculin-sensitive  guinea  pigs  to  triton  either  in  vitro 
or in vivo  protects the ceils to some degree  against lysis by PPD. Although 
previous studies have shown that triton also renders leucocytes more resistant 
to disruption by acetone and by sonic vibration  (4)  available evidence does 
not warrant the conclusion  that the protective mechanism involved is neces- 
sarily the same.  Lysis of circulating  leucocytes by tuberculin appears to be 
mediated by a  factor in the globulin fraction of plasma from hypersensitive 
animals  (10)  and  to  require  complement  (11).  Thus,  quite  apart  from  its 
ability to increase the resistance of leucocytes to lysis by trauma, triton could 
conceivably  protect  cells  against  tuberculin  cytolysis  simply  by  blocking 60  E~F~FECT OF TRITON. fir 
somehow  the  interaction  of  plasma  factor,  antigen  (tuberculoprotein),  and 
complement. Further experimentation along these lines would be desirable. 
The  subcutaneous  injection  of  triton  in  tuberculin-sensitive  guinea  pigs 
2 hours before intradermal injection of PPD was found in the present study 
to  depress  slightly their skin sensitivity to  tuberculin.  Although the  degree 
of depression was not great (12 per cent reduction in mean diameter of indura- 
tion at 48 hours) it was statistically significant and of the same order as that 
reported to result from the administration of a surface-active agent chemically 
similar  to  triton under essentially the  same  experimental  conditions (5).  It 
is of interest to note that despite the rather slight depressing effect of triton 
on skin sensitivity, the lytic effect of tuberculin on the circulating leucocytes 
from these same  animals was essentially obliterated,  or at least reduced by 
over 90 per cent (Table II). These findings lend further support to the view 
that there appears to be no correlation between in vitro  cytolysis by tubercu- 
lin and the size of the cutaneous tuberculin reaction  (12,13).  It remains to 
be  seen whether there  is  any relationship between  the  therapeutic effect of 
triton  in  experimental  animals  and  the  ability of  the  detergent  to  depress 
the lyric effect of PPD  on tuberculin-sensitive leucocytes. 
A  few words  should perhaps  be  said  concerning the  method used  in  the 
present  study for  measuring  the  concentration  of  triton  in  the  plasma  of 
treated  guinea  pigs.  Since  its  sensitivity  and  specificity  have  not  been 
thoroughly evaluated the technique probably offers,  at best, only an estimate 
of the true level of triton in the plasma. It can be mentioned, however, that 
the  plasma  levels  detected here  compare  favorably with  those  reported  in 
earlier studies using an ultraviolet absorption technique. After a  single intra- 
venous injection of mice with 25 rag. of triton the blood concentration appeared 
to be maximal (7  mg./cc.)  within 24  hours and then gradually waned over 
a 4 day period (1). Any method used to determine blood levels of triton must 
take into account the probability that not all of the injected triton remains 
free  in  the  circulation but  that  eventually at  least  a  portion of it becomes 
bound to plasma lipoproteins (14,15). 
SUMMARY 
The  administration  of  triton  WR-1339  (300  mg./kg,  subcutaneously)  to 
tuberculin-sensitive guinea pigs 2  hours  before the  intradermal injection of 
PPD  depresses  slightly  their  skin  sensitivity to  tuberculin  and  essentially 
obliterates the lytic effect of tuberculin on their circulating leucocytes. When 
leucocytes from tuberculin-sensitive guinea pigs are exposed to triton in vitro 
at  a  concentration level  attainable  in  vivo  the  cells  are  partially protected 
against lysis by PPD. 
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George W~hlngton University, and Drs. Martin M. Cummings  and William B. Tucker, 
Veterans Administration,  for reviewing  this manuscript. 
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